To ensure timely appropriate care for low-birth-weight (LBW) infants, healthcare providers must communicate effectively with parents, even when language barriers exist. We sought to evaluate whether non-English primary language (NEPL) and professional in-person interpreter use were associated with differential hospital length of stay for LBW infants, who may incur high healthcare costs. We analyzed data for 2047 infants born between 1 January 2008 and 30 April 2013 with weight <2500 g at one hospital with high NEPL prevalence. We evaluated relationships of NEPL and in-person interpreter use on length of stay, adjusting for medical severity. Overall, 396 (19%) had NEPL parents. Fifty-three percent of NEPL parents had documented interpreter use. Length of stay ranged from 1 to 195 days (median 11). Infants of NEPL parents with no interpreter use had a 49% shorter length of stay (adjusted incidence rate ratio (IRR) 0.51, 95% confidence interval (CI) 0.43-0.61) compared to English-speakers. Infants of parents with NEPL and low interpreter use (<25% of hospital days) had a 26% longer length of stay (adjusted IRR 1.26, 95% CI 1.06-1.51). NEPL and high interpreter use (>25% of hospital days) showed a trend for an even longer length of stay. Unmeasured clinical and social/cultural factors may contribute to differences in length of stay.
Introduction
Preterm birth and low birth weight (LBW) are common causes of mortality and morbidity worldwide [1] . These conditions also create a significant socioeconomic burden. In the United States alone, these conditions account for half of infant hospitalization costs and one-quarter of pediatric hospitalization costs at an estimated $5.8 billion per year [2] . To improve health outcomes and reduce costs, attention has focused on prevention of preterm/LBW births. Yet, for those parents who deliver preterm/LBW infants, there is a great need to understand how best to prepare parents for infants' discharge from the neonatal intensive care unit (NICU) [3] . Parents must learn how to manage infants' medical conditions, including knowing when and how to respond to changes in their infants' clinical status and where to obtain follow-up care [3] . Fundamentally, this preparation requires communication and coordination between parents and healthcare providers to ensure timely hospital discharge and optimal health outcomes [3] .
However, communication is difficult when parents and healthcare providers do not speak the same language. In the United States, where 15% of infants are born to one or more parents who speak a non-English primary language (NEPL), language barriers impact many families' experiences with healthcare. Parents with NEPL report poor communication with healthcare providers [4] [5] [6] and lower satisfaction with their children's healthcare [4] . Children of parents with NEPL experience fewer outpatient referrals [4, 7] and delayed hospital discharge [7] . While US law and national guidelines mandate the use of interpreter services in all healthcare organizations [8] , interpreters are underused by healthcare providers even when they are readily available [9] [10] [11] [12] [13] [14] [15] . The extent to which professional in-person interpreters are used in NICUs is unknown and likely highly variable across institutions, which may impact the quality of care for infants treated in NICUs.
Hospital length of stay is associated with the quality, efficiency, and cost of care [16] . It is known that lengths of stay that are too short [17] or too long [18] may be inappropriate. From an ethical standpoint, appropriateness of care leading to timing of patient discharge should be determined by the patient's health status and should not be impacted by the parents' and/or patients' NEPL status or ability to pay. Therefore, understanding the relationship between language and professional in-person interpreter use on hospital length of stay may provide an important basis for improving quality of healthcare and reducing costs associated with preterm/LBW birth. In this study, we sought to understand whether parents' NEPL was associated with differential hospital length of stay for LBW infants born and discharged from one academic medical center with a high prevalence of NEPL. Given the increased communication burden between healthcare providers and NEPL families, we hypothesized that NEPL would be associated with longer hospital length of stay and that use of professional in-person interpreters would moderate this association.
Materials and Methods
We examined comprehensive clinical and administrative data on all LBW infants born between 1 January 2008 and 30 April 2013 at Lucile Packard Children's Hospital at Stanford (LPCH), a regional referral center for high-risk obstetrics and neonatal care. This hospital serves ethnically and linguistically diverse families: half of the residents in the surrounding areas (Santa Clara and San Mateo counties) report speaking non-English languages at home [19] . Professional in-person interpreters are available in Spanish 24 hours per day, 7 days per week and in Cantonese, Mandarin, Vietnamese, Russian, and American Sign Language during weekday business hours. Telephonic interpretation in over 200 spoken languages is used when in-person interpreters are unavailable.
Infants were included if they had low birth weight (LBW), defined as <2500 g. Infants were excluded if they were (a) born with gestational age <22 weeks (less than typical threshold of viability); (b) transferred into or out of LPCH; (c) died prior to hospital discharge; or (d) if parent primary language was unknown. Parents reported their preferred primary language to hospital representatives at time of patient registration.
We extracted detailed clinical, sociodemographic, and administrative data from the electronic health record for each infant's birth hospitalization (beginning on date of birth and ending on date of hospital discharge) using a standards-based informatics platform called the Stanford Translational Research Integrated Database Environment (STRIDE) [20] . Four distinct datasets were extracted containing information on (a) clinical and sociodemographic characteristics, including parent primary language; (b) surgeries received; (c) diagnostic billing (ICD-9) codes; and (d) clinical encounter logs recording individual encounters with professional in-person interpreters. Datasets was sequentially cleaned and merged using a common linker (encounter identification numbers) unique to each birth hospitalization. Analyses were conducted using Stata 12 software (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX, USA: StataCorp LP). We obtained approval from Stanford University Institutional Review Board prior to study activities.
Two key independent variables were assessed. First, infants of parents with NEPL were compared to those of English-speaking parents. To account for effect of in-person interpreter use, an adjusted rate of interpreter use was calculated consisting of the total number of in-person interpreter encounters divided by the infant's expected duration of hospital stay as a function of gestational age (term gestation of 294 days minus the infant's gestational age in days). We used a term gestation of 42 weeks (294 days) as the longest predicted length of stay so that all denominators would be non-zero. When the resulting rates of in-person interpreter use were plotted for all infants of parents with NEPL, we determined that the top 5% of parents using in-person interpreters used interpreters for 25% or more of their infant's total days. We then created a categorical variable accounting for NEPL plus the level of in-person interpreter use: (a) high in-person interpreter use (>25% of days); (b) low in-person interpreter use (1-24% of days); and (c) no in-person interpreter use.
Analyses were also adjusted for clinical and sociodemographic covariates. Clinical covariates included male gender (reference: female), extreme low birth weight <1000 g (reference: 1001-2500 g), and neonatal medical index scores for severity of disease. The neonatal medical index is a validated clinical severity scoring system ranging from I (least severe disease) to V (most severe disease) that predicts the cognitive and motor development of preterm/LBW infants in the first three years of life [21, 22] . Clinical factors used in calculating neonatal medical index scores include birth weight, total days on assisted ventilation, major surgeries, and complications such as intraventricular hemorrhage (Appendix A Table A1 ). Infants with neonatal medical index scores of IV-V were grouped and compared to infants with scores of I-III. Sociodemographic covariates included public insurance (reference: private insurance), maternal married status (reference: single, separated, or divorced), and black race (reference: non-black). Non-black race included White, Asian, Native American, Native Hawaiian/Pacific Islander, and other. Parents reported their race and ethnicity to hospital representatives at the time of patient registration.
We conducted two-tailed chi-squared tests to compare differences in clinical and sociodemographic characteristics between infants of parents with NEPL versus infants of English-speakers. Since our length of stay distribution demonstrated overdispersion, we completed multivariate analyses using zero-truncated negative binomial regressions. We transformed our beta coefficients into incidence rate ratios (IRRs). In the first regression model, we included our first key independent variable of NEPL. In the second regression model, we included our categorical variable for NEPL plus the level of in-person interpreter use. Both models were adjusted for all clinical and sociodemographic covariates.
Results
Data were obtained for 2871 infants born in the study period with birth weight <2500 g. Of these, 824 were excluded for one or more of the following reasons: 25 with gestational age <22 weeks, 691 transfers, 131 died prior to hospital discharge, and 8 with missing parent language. Of the 2047 infants in our final sample, 396 (19%) had parents with NEPL. Among them, 360 (91%) parents with NEPL reported Spanish language and 36 (9%) reported 1 of 20 other languages. Infants of parents with NEPL were similar to infants of English-speakers except that infants of parents with NEPL were much more likely to be Hispanic white (p-value 0.000) and publicly insured (p-value 0.000) compared to infants of English-speakers (Table 1) . Parents with NEPL were also less likely to be married compared to English-speakers (p-value 0.000). Among infants of parents with NEPL, 185 (47%) had no in-person interpreter use, 188 (47%) had low in-person interpreter use (1-24% of days), and 23 (6%) had high in-person interpreter use (>25% of days). Among infants whose parents reported English primary language, 53 (3%) parents had at least one in-person interpreter encounter during the birth hospitalization. Length of stay for the birth hospitalization was a right-skewed distribution ranging from 1 to 195 days with a median of 11 days (standard deviation 28 days, interquartile range of 26 days). In model 1 (NEPL as key independent variable), infants of parents with NEPL demonstrated the same hospital length of stay (IRR 0.89, 95% confidence interval 0.77-1.03, p-value 0.118) compared to infants of English-speakers (Table 2) . In model 2 (including NEPL plus level of in-person interpreter use as independent variables), NEPL and no in-person interpreter use was associated with a 49% shorter length of stay (IRR 0.51, 95% confidence interval 0.43-0.61, p-value 0.000; mean 7.0 days shorter with 95% confidence interval 5.5-8.1 days) compared to English-speakers. NEPL and low in-person interpreter use was associated with a 26% longer length of stay (IRR 1.26, 95% confidence interval 1.06-1.51, p-value 0.010; mean 3.7 days longer with 95% confidence interval 0.9-7.2 days) compared to English-speakers. NEPL and high in-person interpreter use showed a trend for an even longer length of stay although this association was not significant (IRR 1.41, 95% confidence interval 0.89-2.22, p-value 0.145). Male gender, extreme low birth weight (<1000 g), and severe medical condition were associated with longer lengths of stay in both models compared to reference groups. There were no associations between sociodemographic variables and length of stay, except in model 2 in which maternal married status was associated with a 14% shorter length of stay (IRR 0.86, 95% confidence interval 0.76-0.97, p-value 0.017) compared to single, separated, or divorced status. .017 † Models include non-English primary language and in-person interpreter use, male gender, extreme low birth weight, severe medical condition (neonatal medical index scores IV-V), black race, public insurance, and married status. Hispanic ethnicity was not included in regression models due to high correlation (0.59) with non-English primary language; * Reference groups include English primary language, female gender, birth weight 1001-2500 grams, neonatal medical index scores I-III, non-black race, private insurance, and single/separated/divorced status; ‡ Abbreviation: NMI = neonatal medical index.
Discussion
In our study of LBW infants in a large regional children's hospital where one-fifth of parents speak a NEPL, we found that when examined as a whole, infants of parents with NEPL demonstrated no difference in length of stay compared to infants of English-speakers. However, we found that only half of our NEPL subjects received professional in-person interpreter services. When we compared NEPL parents with in-person interpreter use to NEPL parents without in-person interpreter services, we found that the level of in-person interpreter use among parents with NEPL was an independent predictor of increased length of stay for LBW infants. Infants of NEPL parents with no in-person interpreter use had a shorter length of stay (mean 7.0 days shorter) compared to English-speakers. In contrast, infants of NEPL parents with in-person interpreter use had a longer length of stay (mean 3.7 days longer) compared to English-speakers.
This finding may reflect a bias among healthcare providers to use professional in-person interpreters only for patients with greater clinical, social, and/or cultural complexity. Prior studies show that providers may use their own limited foreign-language skills or ad hoc interpreters for less clinically complex patients but opt for professional in-person interpreters for more complex patients [10, 11] . This was shown to be true in a similar study of hospitalized adults: NEPL patients with no in-person interpreter use had a shorter length of stay and NEPL patients with in-person interpreter use had a longer length of stay than English-speakers [23] . The authors concluded that increased clinical complexity, rather than in-person interpreter use, likely accounted for longer length of stay in these patients [23] . However, in our study, measures for clinical complexity were taken into account in all regressions and use of in-person interpreters continued to have an effect on length of stay. Healthcare providers may also be more likely to use in-person interpreters when interacting with parents with differing social/cultural beliefs. In a qualitative study of NICU providers caring for infants of immigrants, providers were more likely to use in-person interpreters in times of infant health crisis and at hospital discharge, as they perceived that parents' cultural, ethnic, and religious beliefs and practices added complexity and potential misunderstanding to healthcare encounters [24] . When clinical, social, or cultural complexity are present and in-person interpreters are used to enhance communication between parents and healthcare providers, these encounters likely represent a higher quality of healthcare.
Since the family backgrounds of our subjects may be quite varied, unmeasured clinical, social, or cultural factors may play important roles in interpreting these findings. For example, shorter length of stay may indicate that infants of parents with NEPL are inherently healthier as parents with NEPL in our study were primarily Hispanic immigrants. Prior studies examining the so-called "immigrant paradox" suggest that infants of Hispanic immigrants may be healthier than infants of US-born Hispanic parents due to unmeasured, culturally-embedded health behaviors such as reduced rates of maternal smoking, alcohol use, and obesity [25, 26] . Social and cultural factors may also facilitate earlier discharge. Social networks in immigrant communities may provide essential emotional and tangible support enabling parents to feel comfortable with earlier hospital discharge [26, 27] . Yet, these all depend on understanding the family's circumstances through effective communication. Another issue may be that parents with NEPL are disinclined to ask for interpreters [28] and less likely to ask questions and participate in medical decision-making compared to English-speakers [29] . Normative cultural values such as simpatia (politeness and avoidance of confrontation) and respeto (importance of showing respect to authority figures) may contribute to lack of self-advocacy if parents perceive such behaviors may create conflict or show disrespect [27] .
This study has several limitations. This retrospective analysis represents the experience of one institution and may not generalize to other institutions. However, since the study hospital is in a major metropolitan area where up to half of families speak non-English languages, we believe our findings provide important insights for institutions in similar areas that provide neonatal care to infants from non-English-speaking, immigrant families. Our indicator for NEPL may also be subject to measurement bias, as we used parent self-reported primary language, which may be miscoded. Parents' actual level of English proficiency was not captured during infants' hospitalizations. Level of English proficiency may have been discordant between infants' parents; for example, one parent may have been English proficient while the other may have had limited English proficiency. In families with one English proficient parent, parents may not have been offered professional interpreters during health care encounters. Our measure of in-person interpreter use also may have underestimated the actual use of interpreter services: we captured only professional in-person interpreter encounters but did not capture encounters with telephonic interpreters or bilingual providers. By contrast, telephonic interpreters and bilingual providers are common at this and other institutions, and their use may facilitate timely and appropriate discharge of NEPL families. Further study is needed to measure use of telephonic interpreters and bilingual providers in NICU settings and understand their relative contributions to provision of care for NEPL families.
Despite these limitations, our study presents the first analysis of the relationships between language, in-person interpreter use, and hospital length of stay for LBW infants, and it may carry important implications for the healthcare provided to infants and children from NEPL communities. While a shorter hospital length of stay may be appropriate, we do not know actual implications on quality of care for infants of parents with NEPL. One overarching concern is low use of professional in-person interpreters in our sample, with only half of parents with NEPL receiving in-person interpreters. Although Title VI of the 1964 Civil Rights Acts mandates that all US healthcare organizations receiving federal funds provide access to interpreter services, and use of interpreter services is a key component of national guidelines for provision of culturally and linguistically appropriate healthcare, the type of interpreter services under various conditions is not specified [8] . The acuity and complexity of neonatal intensive care would suggest that providing services with in-person interpreters at least once during the hospitalization would be appropriate. Moreover, increased use of in-person interpreters within a family-centered model of neonatal intensive care is likely to be cost-effective [8, 30] . For example, specific use of in-person interpreters during transitions (admission and discharge) have been shown to reduce hospital length of stay for adult patients with NEPL [31] . Given the diversity of languages spoken by US parents with NEPL, the use of professional telephonic interpretation should be made available where in-person interpreters are not feasible [28, 32] . Future study should examine how and when all modes of interpretation services are used in NICU and other ICU settings as well as how interpreter use may affect outcomes following discharge, such as readmissions and unmet health needs [33] . Furthermore, observational studies are needed to assess what information is being communicated to parents in NICUs and to determine which educational methods and/or modalities may be most effective for teaching parents important health information, regardless of primary language [34] . Population-level data, including clinic visits and hospital readmissions across institutions, may help answer these critical questions.
Conclusions
As worldwide migration patterns increasingly bring healthcare providers in contact with diverse populations, healthcare that bridges language and social/cultural differences is crucial. Our study suggests that in-person interpreters can affect length of stay, suggesting improved communication and possibly improved care. Further research into parent language and interpretation services may provide opportunities to improve quality and reduce costs of healthcare for children with LBW, who remain vulnerable for health and developmental problems long after hospital discharge.
